ABSTRACT: Agricultural production in the six oases in the Drâa Region in Southern Morocco is highly dependent on irrigation using mainly traditional irrigation channels or pumps. The basin has been suffering enormously from a continuing drought during recent years. Declining rainfall and high evapotranspiration rates in the semi-arid region lead to lower flow in the Drâa River. Aggravating this situation, farmers increasingly pump groundwater with motor pumps, leading to a rapidly drop in the aquifer. However, agricultural production is economically inefficient and based on subsistence farming. The income a farmer gets by selling a share of his production on the local markets hardly covers the variable costs for fertilizers and irrigation water. Farmers do pay only the pumping cost estimated at 0.58 Dh/m 3 . To prevent a further drop in the groundwater table, and hence to conserve water resources, the introduction of a water charge is evaluated with the MIVAD River Basin Model (RBM). This shows that imposing a water change of 0.42 Dh/m 3 leads to stable groundwater table, but with a drop in cropped area by 50%.
Introduction
Charging farmers for scarce irrigation water use is increasingly regarded as a means of encouraging efficient water allocation (Cornish et al., 2004) . In this context, water pricing regimes have been established for most irrigation perimeters in Morocco in order to meet the needs for operation and maintenance of irrigation systems as well as to encourage investments in water-saving irrigation technologies. The Drâa valley is the only river basin where this national strategy has not yet been implemented (Serghini, 2002) . But, as a consequence of a continued drought during recent years, the supply of centrally distributed river water has become ever more unreliable, pushing farmers to increasingly rely on groundwater. This has inevitably led to declining groundwater tables : www. impetus.uni-koeln.de and their salinization. This paper aims at identifying a groundwater charge sufficiently high to substantially curb the drop of groundwater tables. For this purpose, the effects of pumping costs in the current situation as well as additional groundwater water charges on farm income and sustainable water availability in the region are simulated using an integrated River Basin Model (RBM). Empirical information on water costs and cropping profitability were obtained from a farm survey. The paper is organised as follows. First, a brief overview of water pricing in other watersheds in Morocco is provided. Then the Drâa River Basin water management policies are described. After a description of the research methodology the alternative water charges for agriculture in the Drâa valley are compared, followed by conclusions. The results presented are based on interdisciplinary research carried out by the IMPETUS project (www.impetus.uni-koeln.de) which aims at an integrated assessment of the water cycle as well as water management alternatives for the region.
Source

Irrigation and Water Pricing in Morocco
In 1969 the Ministry of Rural Development passed the Agricultural Investment Code (CIA) including a framework for the introduction of water prices for irrigation water in Morocco. Except for the Drâa basin, all other watersheds in Morocco have adopted water pricing schemes in recent years. Investment costs of irrigation water are shared between the general budget (60% and the beneficiaries (40%), i.e. the farmers who are organised in newly established water user groups. The CIA determines the water charges in order to recover all costs of operation and maintenance (O&M) as well as depreciation. Table 1 shows the level of water charges in the different watersheds in Morocco.
On top of the volumetric water charges, farmers with more than five hectares of land are obliged to pay a fixed charge of 1500 Dirham per hectare and year. However, 80 % of Moroccan farmers are not relevant to this category. Altogether the Moroccan pricing system has contributed to the notorious underfinancing of irrigation schemes (Serghini, 2003) . It can be seen that in most cases actual water prices are lower than needed to recover O&M (Tsur et al., 2004) . Moreover, it is an open question whether the design and levels of the water charges are sufficient to ensure sustainable use of surface and groundwater resources by farmers.
Study Area: The Drâa River Basin
The Drâa river basin ( Fig. 1) is one of Morocco's smaller river basins, located close to the Algerian border in the south-eastern part of the country. Its location between the High Atlas Mountains and the Saharan desert is characterized by low rainfall, ranging from about 54 to 106 mm per year. During recent years droughts have seriously afflicted the region. Along the Drâa valley there is a belt of six oases ( Fig. 2 ) characterised by the cultivation of palm trees, cereals, different kinds of vegetables, and alfalfa and barley for animal forage. Most farms are of small size and are basically subsistence farms (Ouhajou, 1996) . The continuing drought has lead to a decrease in farm incomes with the result that young men migrate to the large Moroccan cities or to foreign countries. Numerous families in the oases heavily rely upon the remittances from these emigrated relatives for support.
In 1972 a large water reservoir was built near the provincial capital Ouarzazate, gathering the river inflows from the mountainous areas (Fig. 2 ). Since then, surface water distribution has been managed in a centralized manner where water is released periodically from the reservoir. Beyond its function as a buffer against shorter droughts and the production of hydropower, another purpose for the reservoir was to distribute water more evenly across the oases from north to south, giving the southern oases the chance to use water for irrigation first, while the northern oases had the advantage that their groundwater storage was recharged (Ouhajou, 1996) . Nevertheless, since 1990 river basins south of the Atlas Mountains were characterised by negative hydrologic balances and these are likely to worsen further until 2020 (Debbarh, 2002) .
Until the beginning of the drought of the mid nineties this centralized water management helped to stabilize irrigation water supply. But due to declining rainfall and high evapotransipration rates, water releases from the reservoir are becoming more and more scant and irregular, and are mainly supposed to fill up groundwater levels of the aquifers below the oases. Consequently, extraction of groundwater has increased considerably in the form of digging private wells and installing motor pumps. Nowadays an average farmer owns two wells with motor pumps which run almost 12 hours per day during the cropping season, according to survey data. As a result the groundwater table has declined and salinization has increased during recent years (Fig. 3) .
To evaluate the impact of a water pricing scheme it is necessary to look at the farmer's income to see whether they are able to cope with the increasing costs, in a short as well as in a long-term perspective. Table  2 illustrates gross margins for alfalfa and wheat with local prices and total production costs per hectare.
Gross margins for date palms are difficult to determine since variable costs were difficult to identify. Gross profits are assumed to amount to approximately 200 Dirham per tree according to the survey results. Taking into account that farmers cultivate for self-consumption, the low level of the gross margins appears to be realistic, resulting in low remuneration for family work, but not leading to 'visible' monetary losses. However, with increased water costs, the negative gap widens. Many farmers, particularly those who do not cultivate date palms as cash crops, will find it difficult to pay for additional water charges.
As farmers will not stop the over-exploitation of groundwater until the aquifers are either depleted or salinized to an extent which makes water use for irrigation impossible, charging prices for groundwater use might be an option to curb the depletion of the common resource. However, as this price would have to be paid for from the already narrow agricultural profits, it is unlikely that water prices would leave the current size structure and performance of farms unchanged. 
Methodology: the MIVAD model
The following section is investigating two questions: which price level would preserve groundwater resources and thus enable oasis farming in the longer perspective, and which changes regarding the extent cropping activities would this price level require? Both questions can be answered by simulating alternative water costs with the MIVAD model (Modèle Integrée du Vallée du Drâa), an integrated hydro-agro-economic river basin model (RBM, see also Rosegrant et al., 2000) for the Drâa Region. MIVAD is an economic optimization model which simultaneously maximizes agricultural and hydropower generation profits as well as consumers' utility from drinking water consumption (equation 1).
The objective function of MIVAD is subject to a variety of constraints, represented by bounds and balance equations related to hydrology (river, groundwater and reservoir balances), agronomy (crop yield response, area and cropping mixes) and general technological aspects (hydropower, pumping by public and private agents), all of which have to be taken into account. Agricultural production is represented as an LP exercise involving six stylised oasis farms. The response of crop yields to water stress is modelled by a modified Penman-Monteith function (Allen et al., 1998) . Spatial relationships are represented in a node network representing different in-and outflows, reservoirs and water demand sites. Water distribution is modelled between the nodes. The network of the Drâa river basin actually starts with the inflow node that defines the reservoir inflow exogenously for each month.
The model is run over several years as a recursivedynamic model, with each year divided into twelve months, which are solved simultaneously. MIVAD is written and executed using GAMS (General Algebraic Modelling System). Data used in the model have been mainly obtained from public official data sources and from the IMPETUS database. In addition, data from an agro-economic survey covering 60 farmers with different resource endowments (conducted in autumn 2005 in the six oases along the Drâa river), were used to round off the database of the model in the near future. Currently they contribute to the validation of the model results.
Simulating Alternative Groundwater Charges
Three water cost scenarios are simulated against a common background, a sequence of five years with low precipitation in the High Atlas and thus low water flows into the Mansour Edahbi reservoir. The magnitude of inflows was chosen as the average of the five driest years during the recent twenty years. It is further assumed that the reservoir is already running at its minimum fill rate of 30 %.
The next important step is to identify appropriate groundwater pumping costs and additional water charges. Costs for pumping water are fairly high in the Drâa Region compared to the free surface water from the Drâa River. Farmers need up to one and a half litres of diesel fuel per hour, depending on the condition of the motor pump. Furthermore, lubricant oil needs to be changed regularly to ensure the reliability of the pump. Operation and maintenance costs of pumps account for 500 Moroccan Dirham on average per pump per year. On average, farmers in the Drâa Region manage to pump approximately 14 to 22 cubic meter of water per hour, depending on the type of motor pump and the amount of water in the well (as measured by Klose and Reichert, 2006) . This amounts to variable pumping costs of 0.58 Moroccan Dirham per cubic meter of irrigation water, depending on the capacity and efficiency of the motor pump as well as local petrol prices. The fixed costs of groundwater pumping (mainly the maintenance and replacement of pumps) are more difficult to measure. Moreover, it is not certain whether fixed costs are well known to the farmers and if these influence their decisions regarding groundwater use. The farm survey results indicate that the use of inputs is often not oriented at profitability only, but also at keeping up a certain production level for subsistence. This is possible because the increasing share of remittances in local incomes enables an implicit subsidisation of the households' farming activities. In general, remittances are an important contribution to Moroccan household incomes (Sorensen, 2004) .
It is likely that farmers take variable, instead of full pumping costs into account when deciding on groundwater use. Therefore, scenarios for pumping costs of 0.58 Dirham (the variable pumping costs according to the survey data) as well as costs of 1.00 Dirham per cubic metre, have been simulated. The aim is to increase the economic scarcity of water, such that groundwater use becomes more sustainable within a five-year period of drought. Groundwater pumping is significantly lower at total pumping costs of 1.00 Dirham per cubic meter. However, this means that less than half of the available land resources would be cropped, and that agricultural profits would contribute less to household incomes (Table 3) . Water use has become much more efficient, which is reflected in higher average shadow water prices, i.e. the marginal value of water. Moreover, the agricultural profit produced by 1 m 3 of irrigation water -the average value of water -increases from 0.36 to 0.50 Dirham.
Figures 4 and 5 show the development of the groundwater levels in the different aquifers belonging to the oases. With the actual pumping costs of 0.58 Dh/m³, a depletion of groundwater resources occurs within five years for all aquifers except one, which is big enough to supply enough water for the farmers. By contrast, a water charge of 0.42 Dh per m 3 leads to stable groundwater levels since in such a case the total cost to the farmer becomes 1 Dh. However, this water charge would require the installation of water meters on each of the wells, and an administrative mechanism to monitor water use and the collection of charges. Figure 5 . Simulated groundwater tables in meters at water costs of 1.00 Dirham/m Figure 6 depicts the increase of shadow prices over a period of five years, depending on costs for irrigation water. Due to the increasing irrigation costs, water resources become scarcer economically. Farmers pump less water due to an increase in costs and change their cropping patterns to achieve greater water efficiency. This process is reflected by an increase in the marginal value of water, the so called agricultural water shadow price.
Years
With pumping costs of 1 Dirham per cubic meter the agricultural water shadow price remains most stable with values of under one Dirham. For pumping costs of 0.58 Dirham the marginal value of water is nearly as high as the direct pumping costs that farmers pay already at the moment. Shadow prices increase in the course the simulation period, reflecting the depletion of groundwater resources as shown in Figure 4 .
Conclusions
Although the Agricultural Investment Code has not yet been implemented in the Drâa River Basin, this does not mean that the use of irrigation water has been free of costs for the farmers in this region during recent last years. The survey shows that, on the one hand, direct costs for groundwater pumping exist and are even higher than prices farmers are charged in other basins. On the other hand, if only variable costs at these levels are taken into account in the farmers' decision-making, they are unlikely to work as an effective constraint to excessive groundwater pumping. The simulation results, which only take variable costs into account, display a quick depletion of groundwater resources, which matches quite closely the developments of recent years in the Drâa valley. This means that, at least from a perspective solely oriented at resource sustainability, it would be justified to complement these costs with a water charge. According to the simulation results, it can be shown that groundwater tables can be stabilised by introducing charges. With an additional charge of 0.42 Dirham, the current (variable) costs of 0.58 Dirham would reach a total cost of 1.00 Dirham per cubic meter.
This 'sustainable' water charge, however, would be four to five times higher than the water prices charged in the other irrigation perimeters in Morocco. That indicates that the question of charging for irrigation water needs to be treated with considerable care as farmers already operate on the edge of subsistence. In a situation where huge families have to be fed, drought conditions squeeze farm incomes such that the migration of the young men is often the only way to ensure the livelihood of those family members who stay in the Drâa valley. Introducing water charges without considering the depressed economic situation of farms would put an end to most of the small farm entities in the region. Water pricing should therefore not be introduced as an isolated solution, but should rather be embedded in a broader approach towards rural development in the region, aimed at both poverty reduction and resource conservation.
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